Introduction
Since the advent of quantum mechanics there has been adesire to understand in detail the behavior of quantum systems. This quest has been accompanied by the implicit dream to not only be able to observe in a passive way, but in fact also to actively control quantum-mechanical processes. The key question in quantum control is: Can one find external control parameters which guide the temporal evolution of quantum-mechanical systems in a desired way, even if this evolution is very complex?
Immediate applications of quantum control are found in many different branches of scientific and engineering research such as photochemistry, quantum optics, atomic and molecular physics, biophysics, solid-state physics, telecommunications or related quantum technologies such as quantum computing or quantum cryptography. In addition to these direct benefits, the successful implementation of quantum control concepts is also likely to provide new insights into the intricacies of the underlying quantum-mechanical dynamics.
Especially promising in this context is the implementation of adaptive control, with the basic idea of using a closed-Ioop setup in which the difficulties associated with complex quantum-mechanical Hamiltonians are circumvented [1] . With the help of learning algorithms and experimental feedback signals, it is possible to achieve automated control over complex systems without the necessity for knowing the underlying potential energy surfaces. Based on these experimental results, the control-parameter settings are optimized iteratively such that they adapt to the quantum-mechanical system.
The combination of adaptive quantum control with femtosecond laser spectroscopy -adaptive femtosecond quantum control -is a new research field which goes beyond "simple" observation, seeking to control chemical reactions by suitably shaped femtosecond light fields. This is done on a microscopic level by forcing the dynamical evolution of quantum wavefunctions into the desired direction. A number of recent review articles and books have treated the subject of quantum control from different perspectives [2-10].
Here we discuss the general scheme of adaptive control experiments and present a number of selected examples from our laboratory.
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An experimental setup of adaptive femtosecond quantum control is shown in Fig. 1 . A femtosecond laser pulse shaper (right side of the figure ) is used to impose specific spectral phase modulations. Details of our setup were published previously [11, 12] . Briefly, the device consists of a zero-dispersion compressor in a 4f-geometry, which is used to spatially disperse and recollimate the femtosecond laser pulse spectrum. Insertion of a liquid-crystal display (LCD) in the Fourier plane of the compressor provides a mechanism for convenient manipulation of the individual wavelength components. By applying voltages, the refractive indices at 128 separate pixels across the laser spectrum can be changed, and upon transmission of the laser beam through the LCD, a frequency-dependent phase is acquired due to the individual pixel voltage values. In this way, an immensely large number of different spectrally phase-modulated femtosecond laser pulses can be produced.
[liquid phase [ ~~ feedback Fig. 1 . Experimental setup. A femtosecond pulse shaper (right side) is used to generate phase-modulated laser pulses for closed-loop adaptive quantum contro!. Suitable experimental feedback signals are processed in a learning a lgorit hm which iteratively improves the applied laser pulse s hape until an optimum is reached. The shaped laser pulses are then used in different types of adaptive quantum control experiments wherein experimental feedback signals guide an automated search for optimal electric fields within a learning algorithm. In general the optimal pulse is not known in advance and since the variational space of possible pulse shapes is so huge, scanning the complete parameter space is impossible. In order to overcome this problem, we use a learning loop to find optimized electric ·fields taking into account the experimental outcome. In an iterative process, the electric laser fields are improved with a computer algorithm until the particular optimization objective is reached and the feedback signals approach the user-specified goal. The global search method we use for this purpose is an evolutionary algorithm with crossover, cloning, and mutation procedures.
